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In Report No. 377 (October 1973), 70-mph skid resistance was related to wet-weather accidents 
on 70-mph highways. The critical value was about 27. In terms of 40-mph tests, the critical value was 
about 40. Here, 40-mph skid-resistance has been related to accidents on 60-mph, two-lane roads. A critical 
value of about 40 emerged from this analysis also. The time span in both cases preceded the nationwide 
55-mph speed limit. There were indications in both of the studies that free headway might be associated 
with slightly lower critical values of skid resistance. The data were examined in terms of traffic volumes, 
frequency of access points, and other factors; however, more specific relationships could not be defined. 
The effect, if any, of the new, 55-mph speed limit is not known. For now, at least, we consider 40 
to be the most probable, overall, critical value. 
The critical value should be viewed only as a point of reference --not as a standard to be maintained. 
Indeed, more favorable values exceed 40; and values at or less than 40 may have to be tolerated. Surely, 
the level to be maintained will depend largely on analyses of cost-effectiveness and program-budgeting 
routines; criteria may vary according to funding. Unfortunately, we cannot yet approach cost-effectiveness 
analyses because we cannot yet determine the risk parameters associated with the skid numbers. The 
skid resistance of a given pavement varies seasonally and with the amount of traffic. Statistical performance 
equations for various types of pavements are being developed. The eventual objective is to weigh accident 
risks and accident costs against surface types and costs,.and levels of confidence (above given skid numbers) 
determined from performance statistics. At least thirty case histories for each type of surface are being 
sought; each case history must extend through several million vehicle passes. Some case histories are 
now approaching maturity. Preliminary analyses of performance may be undertaken within the next year. 
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INTRODUCTION 
To assure safe highway travel in wet weather, 
pavements must have sufficient and enduring skid 
resistance to enable drivers to perform driving tasks 
without risk of skidding and( or) loss of vehicle control. 
Ideally, wet pavements should provide as much friction 
as dry pavements. In a practical and realistic sense, 
however, the question remains as to what minimum level 
of friction a pavement should provide to safeguard the 
public from undue hazards associated with wet-weather 
driving. Little satisfaction is derived from merely 
maintaining a friction level at or near a critical value. 
The critical value, however, may serve as a criterion for 
design of surface courses providing a due margin of 
safety and assist in the selection of pavements for 
resurfacing. 
Investigations to establish mmtmum friction 
requirements in Kentucky have focused on analysis of 
accident experience as related to pavement friction. The 
initial study involved rural, four-lane, controlled access 
roads on 770 miles (1240 km) of the interstate and 
parkway systems in Kentucky (1). Those highways were 
purposely chosen for the initial analysis because many 
of the usual confounding variables, such as highway 
geometries, access control, and speed, could be assumed 
to have minimal influence~ Various relationships 
between wet-pavement accidents and pavement friction 
were analyzed. Averaging methods were used as a means 
of developing trends and minimizing scatter. A moving 
average of progressively ordered sets of five test sections 
yielded more definite results although other averaging 
methods also indicated similar trends. The expression 
of accident occurrence which correlated best with skid 
and slip resistances was wet-pavement accidents per 100 
million vehicle miles (161 million vehicle kilometers). 
Accidents increased greatly as Skid Number (70 mph 
or 31 m/s) decreased from about 27 (equivalent to SN4o 
of 40). Similar analysis of Peak Slip Numbers and 
accident occurrences indicated that accidents increased 
greatly as Peak Slip Number decreased from about 57. 
The primary objective of this study was to discern 
a relationship between accident experience and 
pavement friction for principal, two-lane roads (US 
routes) located in rural areas of Kentucky. Evaluation 
of such a relationship in conjunction with economical 
and technical considerations will guide in the 
establishment of minimum friction requirements for 
pavements. 
To define a relationship between accidents and 
pavement friction, the effect of all pertinent parameters 
must be known or held constant insofar as possible. By 
limiting this study to the principal, two-lane roads in 
rural areas, parameters such as highway geometries, 
access, and traffic speed may be assumed to remain 
within reasonable bounds. Traffic characteristics 
(volume and density) and pavement surface condition 
(wet or dry and pavement friction when wet) are, 
respectively, the regenerative and causative factors. 
Annual average daily traffic volumes were obtained 
for 1969 and 1971. Accident data were those reported 
during 1969, 1970, and 1971. Pavement friction 
measurements were made between June and December 
1970 on 1460 miles (2350 km) of the principal, 
two-lane roads. Both locked-wheel and peak slip 
resistances were measured. This peak resistance is often 
referred to as incipient friction and exceeds the skid 
resistance measured by the locked-wheel method. In 
normal braking and acceleration, the vehicle operates in 
a tractive mode; in emergency situations the wheels may 
become locked and the vehicle skids. Therefore, both 
locked-wheel skid resistance and peak slip resistance --
or some other type of measurement or combination of 
measurements -- may be needed to fully characterize 
pavements. The measurement(s) which best correlate(s) 
with wet-pavement accidents remains to be established. 
DATA ACQUISITION AND COLLATION 
Traffic Volumes 
Since traffic volumes vary with time, any 
measurement of volume not obtained at the time and 
location of each accident would not precisely represent 
the volume associated with the accident. The 
measurement of traffic volume which is generally 
available biennially is an annual average daily traffic 
(AADT). The AADT data for 1969 and I971 were 
averaged and used in these analyses. 
Friction Measurements 
Friction measurements were obtained using a 
Surface Dynamics Pavement Friction Tester (Model 
965A) developed by the General Motors Proving Ground 
and manufactured by K. J. Law Engineers, Inc., Detroit, 
Michigan. The two-wheeled skid-test trailer (Figure I) 
was acquired in 1969. This skid trailer complies with 
ASTM E 274 (2). The measurements represent friction 
developed between a standard test tire (ASTM E 249) 
( 3) and a wetted pavement. The locked-wheel 
measurements are expressed as Skid Numbers (SN); 
incipient or peak friction is expressed as a Peak Slip 
Number (PSN). A description of the skid trailer and 
procedures applicable to the method of test were 
presented in a previous report (4). 
Figure I. Skid· Test Trailer Unit. 
Measurements were obtained during the summer 
and fall of 1970 on most of the principal, two-lane roads 
(US routes) in rural areas having a posted speed limit 
of 60 mph (26.8 m/s). Tests were made in the left wheel 
path only and at !-mile (1.6-km) intervals in each lane; 
no less than five tests per lane were made on each test 
section. The test speed was 40 mph (18 m/s). Additional 
tests were made on selected Class I, bituminous 
pavements at 60 mph (26.8 m/s). Comparison between 
the Skid Numbers obtained at the two speeds are 
presented in Figure 2; comparisons of Peak Slip 
Numbers are shown in Figure 3. 
Accident Information 
Accident data were obtained from State Police 
Records, which are computerized and maintained by the 
Department of Justice. All accidents reported during the 
calendar years 1969, 1970, and 1971 were analyzed. The 
number of wet-pavement accidents, dry-pavement 
accidents, and total accidents for each test section are 
presented in APPENDIX A. Accidents for the 3-year 
period totaled 8481 -- of which 1844 occurred during 
wet-pavement conditions. 
From these accident records, many expressions of 
accident occurrence may be calculated. However, based 
on the findings of an earlier study on the interstate and 
parkway routes ( 1 ), rates of wet-pavement accidents and 
ratios of wet- to dry-pavement accidents were used 
primarily. 
Test Sections 
A test section is defined as "a section of pavement 
of uniform age and uniform composition which has been 
subjected to essentially uniform wear along its length" 
(2). Almost all construction projects and resurfacing 
projects (maintenance sections) involved fit this 
definition. Inasmuch as the direction of travel for a 
vehicle involved in an accident was not given in the 
accident reports, sections included both directions of 
travel. There were 230 test sections-- of which 217 were 
bituminous pavements (mostly Class I) and the 
remaining 13 were portland cement concrete pavements. 
These are summarized in APPENDIX A along with 
AADT's, friction data, and other relevant data. The 
average length of the test section was 6.3 miles (10.1 
km). Sections less than 2.0 miles (3.2 km) in length 
were not included. 
The left wheel-path Skid Numbers and Peak Slip 
Numbers for both directions of travel were averaged to 
characterize the frictional properties of the test sections. 
Distribution of these values, SN and PSN, for the 230 
test sections are exhibited in Figures 4 and 5, 
respectively. The relationship between SN and PSN is 
shown in Figure 6. Minimum, average, and maximum 
values for each test section are presented in APPENDIX 
A. 
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Figure 2. Relationship between Skid Numbers Measured at 40 and 60 mph (18 
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Figure 3. Relationship between Peak Slip Numbers Measured at 40 and 60 mph 
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Figure 6. Relationship between Skid Number and Peak Slip Number at 40 mph 
(18 m/s) on Rural, Two-Lane Roads. 
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Rates of wet-pavement accidents, in terms of 100 
million vehicle miles (161 million vehicle kilometers) 
(total miles (kilometers) traveled under all pavement 
conditions), and ratios of wet- to dry-pavement 
accidents were calculated for each test section. The rates 
were based upon the lengths of sections and the AADT's 
(1969 and 1971). Both rates and ratios pertain to 
accidents for a 3-year period. These values are also 
presented in APPENDIX A. 
SKID NUMBERS AND ACCIDENTS 
The ratio of wet- to dry-pavement accidents versus 
Skid Number and the wet-pavement accident rate versus 
Skid Number for the 230 test sections are shown in 
Figures 7 and 8, respectively. The data points, there, 
are extremely scattered. The relationship between 
accident occurrence and skid resistance is obviously 
obscured by other causative factors. Multiple-regression 
analyses were performed with the ratio of wet- to 
dry-pavement accidents as the dependent variable and 
Skid Number, AADT, pavement width, and access points 
per mile (kilometer) as the independent variables. The 
data were further stratified by AADT and SN. Similar 
analyses were performed with the wet-pavement 
accident rate as the dependent variable. The coefficients 
of correlatiOn, R, indicated a substantially better 
correlation between SN and the ratio of wet- to 
dry-pavement accidents than with the wet-pavement 
accident rate. The correlation coefficients, however, 
were low (less than 0.430). For the ratio of wet- to 
dry-pavement accidents, some correlation with AADT 
was evident; but with pavement width or access points 
per mile (kilometer), correlation was not evident in the 
range of SN's between 17 and 44. For the wet-pavement 
accident rate, there were stronger correlations with 
volume (above 2700 vehicles per day) and pavement 
width than with SN and to a lesser extent with access. 
These findings, however, must be viewed with caution 
because the data base was not sufficiently large to yield 
definitive results. 
Two averaging methods were used to reduce 
variability and, thereby, to more clearly discern general 
relationships in the data sets with and without volume 
stratification. In the first method of calculating averages, 
test sections were grouped by SN. The average ratio of 
wet- to dry-pavement accidents was calculated for each 
group of two SN's. These averages are plotted in Figure 
9a-c. Lines were drawn to approximate trends. 
Reasonably distinct break points were evident. When all 
test sections were included (Figure 9a), the trend line 
indicated the ratio of wet- to dry-pavement accidents 
decreased as the Skid Number increased to 
approximately 41; further increases in SN resulted in 
nominal reduction in the accident ratio. Stratification 
of data by AADT indicated that, on the low volume 
roads (650 to 2700 vehicles per day), the critical SN 
was about 43. On high volume roads (above 2700 
vehicles per day), the critical SN was about 38. 
The second method involved calculation of an 
average ratio of wet- to dry-pavement accidents and 
average Skid Number for progressively-ordered sets of 
ten test sections. The first average was of the ten test 
sections with the lowest SN's. The test section with the 
lowest SN was then dropped, and a test section with 
the next highest SN was added. This was repeated until 
all test sections had been averaged in a group of ten. 
In cases where more than one test section had the next 
highest SN, one of these was randomly added each time. 
Test sections were dropped in the same sequence as they 
were added. The resulting averages are plotted in Figure 
lOa-c. The trend lines were similar to those developed 
by the previous method. The break points in the trend 
lines, however, occurred at slightly different SN's. Table 
I cites the critical Skid Numbers derived by the two 
averaging methods. 
Plots of the ten-point moving average and test 
sections grouped by SN but involving wet-pavement 
accident rate are presented in APPENDIX B. The plots 
also indicated a relationship between accident 
occurrence and skid resistance; but the data points were 
more scattered; and, as stated before, other variables 
correlated with accident occurrence as well, The break 
points in the trend lines were at higher SN's than for 
the accident expression of ratio of wet- to dry-pavement 
accidents. 
The foregoing analysis showed that the critical Skid 
Number was higher for the low volume ( 650 to 2700 
vehicles per day) roads than for the high volume (2701 
to 8400 vehicles per day) roads. It was necessary, 
therefore, to ascertain if traffic volume or other factors 
accounted for the differences in critical SN's. 
Information was available on pavement width, access, 
and pavement friction, but an inventory of highway 
geometries was not available. Accident records did 
indicate whether the accidents occurred on grade or level 
and on curve or tangent sections. Various expressions 
of accident occurrence, such as ratio of wet-pavement 
accidents on curves to wet-pavement accidents on 
tangent sections and dry-pavement accidents on curves 
to dry-pavement accidents on tangent sections, were 
calculated for test sections grouped by AADT's. The 
results are presented in Table 2 along with average SN 
and other data. Similar tables were prepared for test 
sections grouped by SN, PSN, pavement width, and 
access. These are presented in APPENDIX C. 
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Figure 7. Test Section Averages: Ratio of Wet· to Dry-Pavement Accidents Versus 
Skid Numbers, with AADT Stratification. 
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Figure lOb. Ten-Point Moving Averages: Ratio of Wet- to Dry-Pavement Accidents 
for 110 Test Sections Versus Skid Number, with Volume Stratification 
at AADT below 2701. 
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TABLE 2. ACCIDENT RATES AND RATIOS AND OTHER DATA FOR TEST SECTIONS 
GROUPED BY TRAFFIC VOLUME 
ANNUAL AVERAGE DAILY TRAFFIC (AADT) GROUP 
650- 1701· 2701- 3701- 4701· 650- 2701- 650-
1700 2700 3700 4700 8400 2700 8400 8400 
Number of Test Sections S3 57 57 35 28 110 120 230 
Skid Number '42.8 38.2 39.2 37.0 37.6 40.4 38.2 39.3 
Peak Slip Number 73.2 68.6 70.0 67,3 68.5 70.9 68.9 69.8 
Annual Avera~e Daily Traffic (AADT) 1263. 2219. 3159. 4]35. 6036, 1758. 4115. 2988. 
Access Points Per Mile ( 1.6 Kilometers) 8.3 8.5 8.3 9.9 8.8 8.4 8.9 8.6 
Section Lengtlt 6.9 7.2 6.2 5.6 4.8 7.0 5.7 8.3 
P~vement Width ]9,7 20.4 20.4 21.7 22.0 20.1 21.2 20.6 
Wet-Pavement Acddent Rate* 38.5 Sl.l 44,8 41.9 28.2 45.0 40.1 42.4 
R~tio of Wet. to Dry-Pavement Acddents 0,27 0.37 0.35 0,36 0.22 0.32 0.32 0.32 
for All Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.25 0.28 0.27 0.32 0.20 0.~6 0.27 0.27 
for Level, Tangent Secnons 
Ratio of Wet· to Dry·Pavement Accidents 0.28 0.40 0.33 0.37 0.3!1 0.34 0.~5 0.34 
for Tangent Sedions Of) Grade 
Ratio of Wet- to Dry-Pavement Accidents 0.23 0.31 0.28 . 0.35 0.2! 0.27 0.28 0.28 
for All Tangent Sections 
Ratio of Wet- to Diy-Pavement A<.:ddents 0.30 0.52 0.39 0.49 0.24 0.41 0.38 0.40 
for L!:veL Curvel;l Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.44 0.62 0.74 0,40 0.27 0.53 053 0.53 
for Curved Sections on Grade 
Ratio of Wet- Ill Dry-Pavement Accidents 0.46 0.59 0.74 0.44 0.33 0.53 0.56 0.55 
for All Curved Sections 
Ratio of Dry- to Dry-Pavement Accidents 0.48 0.33 0.23 0.25 0.09 0.41 0.20 0.30 
(Level, Curved Sections/Level, Tangent Sections) 
Ratio Or Dry- to Dry-Pavement Accidents 0.99 !.58 0.77 0.58 0.25 1.30 0.59 0.93 
(Curved Sections on Grad~/Tangcnt Sections on Grade) 
Ratio of Dry- to Dry-Pavement Accidents 0.60 0.63 0.41 0.28 0.!2 0.61 0.30 0.45 
(All Curved Secl!ons/All Tangent Sections) 
Ratio of Wet- to Wet-Pavement Accidents 0.45 0.50 0.43 .0.72 0.15 \).48 0.45 0.46 
(Level, Curved Sections/Level Tangent Sections) 
Ratio of Wet- to Wet-Pavement Accidents o.n 1.24 1.45 0.62 0.21 0.99 0.92 0.95 
(Curved Sections on Grade/Tangent Sections on Grad~) 
Ratio of Wet- to Wet-Pavement Accidents 0.87 1.05 0.89 0.68 0.20 0.96 0.67 0.8! 
(All Curved Se~lions/AII Tangent Sections) 
• Accidents per !00 million v~hick miles 
(161 million .vehicle kilometers) 
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The high AADT roads exhibited slightly lower Skid 
Numbers and had wider pavements. There were no 
appreciable differences in access points per mile 
(kilometer). The ratios of wet· to dry-pavement 
accidents, however, did not indicate trends consistent 
with the level of skid resistance. Obviously, other 
influences were present. The ratios of accidents grouped 
by other identifying conditions in dry weather and also 
in times of wetness showed marked differences between 
AADT groups .. the ratios were substantially lower for 
test sections with the high AADT's. Also, the ratios 
within sorted wet-pavement accidents were much higher 
than the ratios of dry· to dry-pavement accidents within 
the same AADT group and, therefore, reflect increased 
hazards associated with wet-weather driving on curves 
and grades compared to driving on tangent sections. The 
ratios in the wet-pavement categories, of course, would 
also be affected by differences in skid resistance between 
level, tangent sections and sections with other 
geometrical alignments. 
The accident ratios presented in Table 2 do suggest 
a difference between test sections with low and high 
AADT's in regard to geometries of the highway. The 
average adequacy rating (5) for each set of test sections 
was 60. However, when adjusted to the same traffic 
volume, the adequacy rating was substantially higher for 
the high AADT roads than for the low AADT roads. 
This finding implied that the previous conclusion may 
be correct. The higher critical Skid Numbers derived 
from Figures 9b and I Ob, therefore, may be partially 
attributable to the poorer geometries associated with the 
low AADT roads. 
The accident data used in the analysis here 
pertained to the entire 3 years while skid resistance was 
measured in the summer and fall of 1970. Pavements, 
of course, exhibit lower friction during the summer and 
fall, but the measured values may not necessarily 
represent the lowest friction during the year for a 
particular test section, nor for the road system as a 
whole. The rapid change in the slope of the curve in 
Figure 1 Oa, for instance, may occur at some higher or 
lower SN depending on when the measurements were 
made. Measurements are normally conducted in the 
summer and fall and the critical SN derived here will 
apply. If the measurements are conducted during other 
seasons of the year, the seasonal variation peculiar to 
a given pavement type must be taken into consideration. 
Wet-pavement accident rates were calculated for 
100 million miles (161 million kilometers) for total 
travel under all pavement conditions rather than 
wet-pavement travel mileage. The true accident rate for 
wet-pavement conditions would be nine times higher 
since pavements were wet only 11 percent of the time. 
Wet-weather accidents accounted for 22 percent of all 
accidents. Only 11 percent of all accidents, therefore, 
may be attributed to the time associated with 
wet-weather driving. This percentage, and the 
wet-pavement accident rate and ·the ratio of wet- to 
dry-pavement accidents, of course, varies from year to 
year according to. the precipitation experience. 
The influence of skid resistance on accidents for 
test sections with Skid Numbers above 41 was nominal. 
The ratio of wet- to dry-pavement accidents was 
approximately 0.23 (Figure 9a). The lowest accident 
ratio would not be less than 0.13 since pavements were 
wet 11 percent of the time. Other factors related to 
the wet-weather driving contributed to the elevated 
accident ratio. 
PEAK SLIP NUMBERS AND ACCiDENTS 
As stated previously, the measurement(s) which 
best correlates with accident experience remains to be ' 
established. The peak friction force was measured 
routinely during all tests; thus Peak Slip Numbers were 
available for analysis. 
Multiple-regression analysis again indicated 
substantially better correlation between PSN and the 
ratio of wet- to dry-pavement accidents than with 
wet-pavement accident rate. The correlation coefficients 
were low (less than 0.350). Correlation with AADT was 
also evident. 
Test sections were grouped by PSN's, and the 
average ratio of wet~ to dry-pavement accidents was 
calculated for each group of two PSN's, as shown in 
Figure lla-c. When all test sections were included 
(Figure 11 a), the greatest change in slope occurred at 
a PSN of 71. Stratification of data by AADT's indicated 
a change at a higher PSN for the low volume roads and 
a lower PSN for the high volume roads. Similar results 
were obtained utilizing the ten-point moving average, as 
shown in Figure 12a-c; and the change in the slopes 
remained at the same Peak Slip Numbers. The critical 
PSN' s are presented in Table 3. 
The point of greatest change in slope of the curve 
in Figure lla was at a PSN of 71 and in Figure 9a 
at SN of 41. According to Figure 6, a PSN of 71 is 
equivalent to SN of 40. The data were not as scattered 
in Figures 9a-c and !Oa-c as in Figures 11 a-c and 12a-c; 
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Figure llb. Average Ratio of Wet- to Dry-Pavement Accidents of 110 Test Sections 
-- Gronped by Peak Slip Numbers - Versus Peak Slip Number, with 
Volume Stratification at AADT below 2701. 
0.8~------------------------------------------------------------, 
~ 
z 0.7 
IJJ 
0 
8 
<( 0.6 
f-
i:i 
::!: 1.1.1 0.5 
> it 
.).. 
a: 
0 
"-0 
0 
f-
<( 
a: 
0.2 
0.1 
0.0 
40 
• 
.. 
45 50 55 60 
PEAK 
• • 
• 
• 
• 
• 
65 70 75 80 85 90 95 
SLIP NUMBER 
18 
Figure lib. Average Ratio of Wet- to Dry-Pavement Accidents of 110 Test Sections 
-- Grouped by Peak Slip Numbers - Versus Peak Slip Number, with 
Volume Stratification at AADT below 2701. 
0.8 
(/) 
1- 0.7 z 
ILJ 
0 • 8 .. 
<( 0.6 
1-
z 
ILJ 
::!: 0.5 ILJ 
~ 
I 
>- 0.4 a:: 
0 
g 
~ 0.3 
ILJ 
!;!: 
"-0 0.2 
0 
1- • <( 0.1 a:: 
• 
0.0 
40 45 50 55 60 65 70 75 eo 
PEAK SLIP NUMBER 
• • 
• 
• 
85 90 95 
18 
0.8 
~ 
z 
w 0.7 0 (3 
~ 
1- 0.6 z 
w 
::;: 
w 
i1£ 
"' 
0.5 I 
~ 
0 
g 0.4 
I 
1-
w ;;:: 0.3 
IL. 
0 
0 0.2 f= 
<{ 
0:: 
0.1 
0.0 
40 45 
• 
• 
• 
• 
• • • 
• 
• • 
50 55 60 65 70 75 80 85 90 95 
PEAK SLIP NUMBER 
Figure llc. Average Ratio of Wet- to Dry-Pavement Accidents of 120 Test Sections 
·• Grouped by Peak Slip Nnmber - Versus Peak Slip Nnmber, with 
Volmne Stratification at AADT above 2700. 
19 
Figure 12a. Ten-Point Moving Average: Ratio of Wet· to Dry-Pavement Accidents for 
230 Test Sections Versus Peak Slip Nmnber, without Volume 
Stratification. 
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Figure 12c. Ten-Point Moving Average: Ratio of Wet- to Dry-Pavement Accidents 
for 120 Test Sections Versus Peak Slip Number, with Volume 
Stratification at AADT above 2700. 
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TABLE 3. CRITICAL PEAK SLIP NUMBERS 
AADT STRATIFICATION 
650 - 8400 
2700 or Less 
Above 2700 
AVERAGING TECHNIQUE 
MOVING AVERAGE GROUPED BY PSN 
71 71 
74 74 
65 65 
• 
85 90 
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and, as cited earlier, there was a stronger correlation 
between accident occurrence and SN1 s than with PSN1 s. 
These findings, therefore, suggest that the Skid Numbers 
relate better to accident occurrence. This was not 
necessarily surpnsmg because of the inherent 
measurement and chart analysis errors associated with 
peak slip resistance (PSN) determination. Peak slip 
resistance occurs for a very brief period of time during 
wheel lock-up, and the measurement represents a much 
shorter length of pavement than the locked-wheel test 
(SN). For that reason, the poor agreement between SN 
and PSN in Figure 6 was attributed largely to 
inaccuracies in PSN. 
SUMMARY, CONCLUSIONS, 
AND RECOMMENDATIONS 
On rural, two-lane roads, ratio of wet- to 
dry-pavement accidents correlated best with pavement 
friction. Even using the best expression of accidents, 
scatter and spurious variability in data seem inevitable. 
Averaging methods as a means of developing trends and 
minimizing scatter between variables were used in the 
study. Of the averaging methods investigated, the 
!!moving averagen and test sections grouped by Skid 
Numbers yielded more definite results. Definite trends 
were established in regard to the relationship between 
ratio of wet- to dry-pavement accidents and Skid 
Number (Figure 9a-c and lOa-c). When all test sections 
were included, the ratio of wet- to dry-pavement 
accidents decreased rapidly as the Skid Number 
increased to about 40; further increases in SN beyond 
this point resulted in only slight reduction in the ratio 
of wet- to dry-pavement accidents. Stratification of the 
data into two AADT groups (Figures 9b-c and lOb-c) 
showed that the critical SN's were higher for the low 
volume roads than for the high volume roads. Ratios 
of dry· to dry-pavement and wet- to wet-pavement 
accidents (Table 2) and sufficiency ratings suggested that 
the low volume roads may have poorer geometric 
characteristics. The effect of traffic volume on the 
frictional demand of traffic, therefore, could not be 
separated from the other contributing influences. 
Definite trends were also evident between ratio of 
wet- to dry-pavement accidents and Peak Slip Number. 
The greatest change in slope of the trend lines (Figure 
lla and 12a) occurred at a PSN of about 71. Scatter 
of data was somewhat worse than for Skid Numbers. 
This was to be expected because of the inherent 
measurement and chart analysis inaccuracies associated 
with peak slip resistance determinations. Peak Slip 
Number of 71 is equivalent to SN of about 40 (Figure 
6); and, as shown in Figure lOa, SN of 40 also 
corresponds to the greatest change in slope of the trend 
line. Multiple-regression analysis, however, showed a 
stronger relationship between accident occurrence and 
Skid Numbers. 
The curves shown in Figures 9a-c and !Oa-c not 
only suggest critical SN's but may be useful in 
ascertaining the level of accident experience peculiar to 
the roads involved in this study. No meaningful 
reduction in wet-pavement accidents may be realized by 
improving the skid resistance of those pavements which 
exhibit SN' s above the critical value. Also, a low Skid 
Number does not necessarily imply an accident problem. 
Some sections with low SN's obviously exhibited 
accident histories similar to sections with substantially 
higher SN' s. Highway geometries, pavement rutting and 
roughness, etc., of course, need to be considered in the 
selection of pavements for deslicking. However, the 
following general guide is suggested for assessing 
pavement skid resistance: 
SKID NUMBER 
Above 39 
33 to 39 
26 to 32 
Below 26 
SKID RESISTANCE 
ASSESSMENT 
Skid Resistant 
Marginal 
Slippery 
Very Slippery 
The ratio of wet- to dry-pavement accidents is 
particularly adaptable for screening sections because the 
ratio can be readily calculated. On the other hand, 
calculation of accident rates requires data on traffic 
volumes which are not always available, or maybe 
inaccurate. Also, a high wet-pavement accident rate may 
be misleading if the highway also has a high 
dry-pavement accident rate. 
It should be emphasized that the findings cited here 
pertain to principal, two-lane roads (US routes) located 
in rural areas. These roads had posted speeds of 60 mph 
(26.8 m/s) for daytime and 50 mph (22.4 m/s) for 
nighttime. In response to the energy crisis, the posted 
speeds on these highways was changed on March I, 1974, 
to 55 mph (24.6 m/s) for both daytime and nighttime. 
Fatalities, injuries, and accidents, as well as fatality rates, 
injury rates, and accident rates have substantially 
decreased since the beginning of the energy crisis ( 6). 
Wet-weather accident experience has also been affected. 
The relationship between accident experience and 
pavement friction may have been altered as well and, 
therefore, warrants further study. 
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AI'I'ENDIX A 
ACCIDENT AND FRICTION DATA FOR 230 TEST SECTIONS 
25 
COUNTY ROAD 
ALLEN us 31E 
ALLEN IIS231 
ANDF.RSflN liS 62 
ANDERSflN liS 62 
RALLARD us 51 
flALLARD us 60 
RAI.LARD liS hO 
BARREN US 31F 
BARREN us 31F 
flARREN US 31W 
f\ARRfN US f>R 
f\ARREN US t.R 
HATH liS hO 
RATH us no 
IiilTH I)S h() 
flflliRf\fiN us 27 
US 27 
HllllRfiiiN us 6fl 
flfi\IRfl(lN US227 
1\!IYI) us 60 
f\OYI.E liS hfl 
flDYtF us 611 
FlnYU' US]27 
f\llYI_E USJ '>ll 
ROYI_E l1Sl50 
I'IRECKINI<lll(;F. liS hll 
llRECKINRJOI;E US hll 
f>EAK 
PROJECT PAVEMENT ACCfSS SKID NUMRER SLIP NUMFIER ACCIDENTS WET/DRY WET 
NUMBER TYPE WIDTH LENGTH AAOT MILE MARKER PER Ml MIN AVG MAX MIN AVG MAX TOTAL WET DRY RATIO RATE 
2- 35 RIT 18 
2-135 BIT 18 
3-111 M fliT lR 
3- 71 fliT 22 
4- 61 G fliT 22 
4- l K fliT 22 
4- 1 M fliT 2~ 
fliT n 
5- 12 ~l P>JT 24 
'i-~32 M ll IT 20 
'i-192 ll fliT lfl 
5- 52 M KIT 22 
6-124 G Rll ?0 
6- 64 Y KIT ?2 
6- f>4 KIT !2 
9-119 .1 fliT ?0 
9- 19 K PCC 22 
9- '.i'i W KIT 74 
9-13'1 C All 211 
10-lf>5AH R]T 72 
11-200 R!T lK 
1)-140 K ~IT ?0 
11-2?01\F KIT lK 
11-nOfl.l: KIT 74 
14-173 ,J KIT lY 
14- 13 Kl T l K 
0,6 2050 ll,h - lf\,2 
9,4 !BOO 0,9 
10,4 800 0.0 - lO,b 
2 ·' 
3200 21,2- 23,7 
2.o 461~ 0,0 - 2.6 
'·' 
3109 O,'.i - 6,0 
10,0 3200 6.R 16,0 
?SR'i 0, 0 
10 .o ?100 }6,1- 2'.i.6 
',4 l4h0 l,R 7,2 
11.0 ~920 o.o 11.0 
3,o 
6 .o 
0. 2 
0. 7 
7. l 
7.' 
4,0 
11,0 
l'i,4 
;>426 16,9 20,'5 
750 o. 0 
1500 Y.7 
lR'.iO 17.1o 
6430 n.o o,2 
?4HO <J ,I! 16. 'i 
OYOO 0,1- 7.2 
13'>0 n.o 
7741 4,0 
7 ~0 0, 0 
930 R ,[l 10. y 
hflll (),(1 3.0 
1414 o.o 
7'.i00 4,1! \7."' 
]flO() ?.7 1·o.o 
3h06 14,'.i 
l2 
10 
lO 
lO 
'" 
l2 
4 
ll 
33 37 40 63 67 73 34 14 1R 
36 37 3fl 64 67 71 3D 
3S 45 52 64 70 7" lO 
31o 43 49 79 H5 96 ' lO 
47 ?2 57 73 flO fl3 
44 47 54 fl3 76 711 
29 3A 'ill 53 63 7R bb 17 46 
31 39 41! 56 h3 69 
4fl 53 5h 74 R4 93 27 
34 3h 41 b 1 1:>5- 6R 25 !7 
34 37 40 63 66 6fl 5n 15 33 
3h 37 39 h? 66 69 9 
40 47 'i4 loR 74 77 4 
37 42 4'i hf> 71 75 
" 
3S 40 44 f>O f>Y 79 l3 
' 
40 4'.i 'iO 74 77 112 
40 4h 'iO 711 A? 116 ll 
?lo 41 45 <;R 7A R5 ?3 
42 44 4R flO fl7 '!3 4 l3 
17 4" 49 73 7h ll3 157 71! 1?1 
4) 44 4R h3 h7 7? 13 3 
3'i 42 46 hh 7l 74 0 0 
?."1 "13 37 "i7 h3 67 
'" 
4 29 
37 44 411 77 "/9 II 1 
' " 
41 4h '.i4 76 Al ll"l Jl 17 
<;P. 74 fl4 
3h 41 4fl h 7 7? f\1 tn 13 too 
0.7fl 
0.30 
0,43 
0,40 
o. 35 
0.33 
0,37 
0.3fl 
0.30 
o. 35 
0.45 
o. 22 
0,25 
0,33 
0, 57 
0.13 
0, 09 
0.31 
0.73 
0,31! 
0,0 
n.t4 
fl,Jil 
o. 34 
0.\3 
94.5 
32,4 
32.9 
45,7 
53.3 
35,5 
13. fl 
34,11 
69.5 
31, R 
20.9 
l 9 .o 
50.7 
5-CJ.A 
II, 5 
5. 5 
26,4 
3h, I 
60,] 
53.7 
0,0 
20,3 
o. 0 
41.5 
21 .4 
liKf.CKlNRJfJ(;E liS hO, ]4--3'1:-l C 1-111 ??. ;.',0 ·;z. 7 4\ 4~ 'jO ll1 fl7 93 7 0,4
3 
f\LITLER liS23! lA-156 M ~IT 1Y 10.7 ?'l'lO n.o 10,7 7l 7R R3 0,30 ::>5,7 
RI!TI_ ~R IJS231 lh- 3h ,I HIT 20 'j, 7 i-!l'iO 13,1 24 37 37 '>? 5H 64 0,4\ 
52.2 
CALflWFI.L l1Sh41 17-21'2 fliT ?0 2.2 \?74 o.o 2,2 f>? h7 7? 
1. no 3?,6 
CALLOWAY US64l lfl- f\3 fill lK 42'i0 ll,'i h. 3 !4 10 3'1 3'i 'i l_ f:.O 63
 59 12 46 0,76 43,7 
CALLOWAY !JS641 lR- 3 G fliT 20 4SOO 11,9- Jh,H 2'i 31 3? 49 SA 
1>2 51! 13 "3 0,311 4fl,9 
CARLISLE liS 'i l 20- 4 S HIT 22 
"· 3 
10'.i0 1.6- lo.7 M 77 HI 37 0.\7 
CARLISLE liS '.il ~0- 4 R RIT 22 4, 7 _'\f:.fl~ "/,4 l?,A 7l 76 
79 O,Oil 15 ,ll 
I;.ARKDLL liS 42 21-152 J HIT 20 7-;o n.o 4,4 45 'i3 'i'i 
0,2? 55.3 
CARTER lJS 60 2.2 3170 17.3 14.5 14 34 4?. hO loS 7l
 0, 50 I Oh,4 
CARHR us f,() 22-14fiAO Rl T 72 )50D ]4,9 1'1,3 lO 4() 41 47 " 
ll 0,27 41.5 
CARTFR us 6{) 22-14RAIJ Fill 22 2.0 150(\ 20.1 C;> ,l 'HI 41 4') f>2 h6 71 0.11 
30,4 
CARTER us 6(] 22-24fl F RIT ?2 2,o 7FI62 2h,'i 79,0 "07 37 4() "i<J hh 75 
o, 1 2 1 3.4 
ORTER lJS hO 22- 2H N KIT 22 f\()00 29,0- 37.1 '14 31! 42 '.if! lo3 74 114 21 '!? 0,?3 
29.6 
CHRISTIAN liS 41 24- H5 II PCC 22 ~200 3,'.i - 10.1 40 42 4'5 
67 hi< 7() 57 12 34 0, 35 31 .o 
CHRISTIMI liS 41 24- 5 X HIT 22 9.9 ?ROil 1 '5, 4 2~.0 2? 2h 30 41-. 51< 62 'i8 
34 57 n. 60 11?. 0 
CHRISTIAN us 41 24- s R R 11 n 7700 2h. 'i 31, l ?1 211 3/i 4R 5-R 65 I 7 
0.2'1 3b.ll 
CHI<IST!AN liS 6fl 24-245 A PCC ?0 1Roo n.o 1A 4 o 'i I 75 76 1!5 76 12 hI 
fl.?() 33. 5 
CHRISTIAN IJS I>H 24- h5 R IT 24 7'i00 13.1 - 2l,A 1h H5 g3 
0.\7 74.6 
CLARK liS 60 25-1112 M KIT 20 
'·' 
1H'ill 0,0- 4,4 1"i 41 4'> 7'-l 91 104 !3 o. 50 21 ,6 
CLARK lJS227 25- A2 U HIT lR 0,4 ?904 0,3 ll 23 ;>4 ?'i 49 5-R 70 20 g 11 
ll,R2 
CLAY US421 26- 45 F HIT ?1 3 'IO'i o. o l h. 7 lO l 7 ?.4 31 40 50 6-':i 130 43 
R2 0.52 71. 1 
26 
ClliJNTY 
CLAY 
CLINTON 
CLINTON 
CHI TTFNOFN 
CR I TTF;Nfi~IIJ 
OAVIESS 
fiAV!ESS 
DAVIESS 
DAVIES$ 
OAVIESS 
DAVIESS 
EDMONSON 
FRANKLIN 
FRilNKLIN 
FRANKL !N 
FULTON 
GARRARO 
GARRARD 
GKAVES 
GKAVES 
C,RAVES 
GRAYSON 
GkAYSON 
GRAYSON 
GkAYSOM 
GRFEN 
GKEF.NliP 
[;KEENIIP 
HANCOCK 
HANCOCK 
HAIH11N 
HAI<I_AN 
1-!ARkiSIIN 
HARK I SfiiiJ 
HARR I Sfl~l 
HART 
HAKT 
HART 
H~NflFRS{IN 
HENflfRSIIN 
HENOFRSON 
HFNilFRSfiN 
HICK,.AN 
HICKMAN 
HIIPK!NS 
PFAK 
PRil,JfCT PAVI'MFNT ACCFS.~ .~KID Ml!Mf\fR SLIP NIIMHER ACCIDENTS WET/DRY WFT 
ROAIJ NtiMHFR TYI'F WliiTH LI'N{;JH AllllT MJLF MAKKFR PFR Ml MIN AVC, MAX MIN AVG MAX TOTAL WET DRY RAllO RATE 
U$421 26- 5 P KIT lR 
1JS127 27- R6 H RIT 2D 
!15127 27- 26 H RIT 21 
11s on 2R- 6 C PCC 18 
USI>41 2R- f->6 fill lR 
us 60 30-257 K fliT 111 
us 60 30- 17 U KiT 24 
US23l 30- 97 w fliT 24 
US23l 30- 97 V All 22 
US431 30-117 Y fliT 24 
ll$431 30-ll7~C All 24 
US 31W 31-118 C fliT 20 
us no 
ll$421 
U$460 
us 51 
liS 27 
liS 27 
liS 45 
liS 45 
us 4'> 
us 6? 
IJS b? 
us 6? 
IJS I>? 
IJS bR 
lJS 6f\ 
liS 23 
liS 23 
liS 23 
liS Ml 
liS t.n 
us b;> 
IJS 67 
US421 
us n 
tiS "'2 
liS t',? 
37-145 
37- ll5 
P.l T 22 
A IT 22 
37- 75 H fliT lfl 
3R- 47 0 FliT 22 
40- 66 1\ IT 24 
40-146 R IT 22 
42-2ABAA FliT 20 
42-2RRAE FliT 24 
42- R U KIT 18 
43-235 R RlT 20 
41-235 P,]T 19 
43-235 11 RIT \9 
43- <;5 Q A!T 19 
44- 71> n R!T lf\ 
44- 36 F FliT 19 
4':>-211 C FliT 20 
45-211 L> HIT 20 
45-211 M fill 24 
46- 57 t; I'CC lH 
4!'.- l7 F Rli JY 
47-tYY k Fill IY 
47-!YY S FliT IR 
4f\- FIH S FliT IH 
49-\92 F FI]T ~7 
4Y-il2 IHT )9 
4<1- '>2 (; f\JT lfl 
us 3lF .,0_ 40 t; fill ?;> 
liS 3lF "0- 40 !; RJT 7? 
liS 3\W ~0-1?0 M FliT ?I 
liS 41A 51-1'><1 R IT I fl 
liS hO 51-?19 K RIT 24 
r1s no 51-?19 M FliT ?4 
liS no 51- SY f, FliT IH 
I)S 45 '>3- RY ll FliT ?11 
liS 'i I 53-129 H RIT ?? 
liS ~I '>1- Y H K!l ?7 
liS 4\ 54- ?0 Y HIT 2;> 
14,4 
'· 7 
2.2 
7.1 
7.2 
2.6 
2.5 
'· 7 
'.o 
5.2 
2 .o 
5 .o 
2.5 
l3 .1 
to, 5 
'·0 
11.2 
7 ·' 
12.1 
7., 
1 ,n 
2.2 
7. 7 
7,(] 
7. 3 
3,\ 
9. 2 
ll.O 
\0,() 
2.2 
12,4 
;>, 4 
12. <; 
?700 1R, 7 
2100 0,0 10 
31100 h,R - 9,0 10 
31{10 10.0 lf>,7 ll 
?ssn n.o - 1,0 
" 
301FI 0,0 - 9,f> 
~400 17,3- 22,9 
4794 1.3- 7.7 10 
51\00 7,7 10,3 
3150 0,0 - 2,5 12 
4550 2.5 - 7.2 6 
147R o.o- -.o 
4334 o.o 5.2 10 
4Rl6 0.0 2. 0 11 
?100 1.2 - 6,0 10 
3030 1.5 - 6,2 
4R2R 0.0 2.5 
41100 4,0 1R,O 
1750 0,5 - 6,6 
3030 7.4 - 14.1 
42'>0 20,2 30,;;' 11 
6":>0 o.o 
1020 4,h '·, 
1900 R,R - l9,FI 
?400 ?'>.1 
1'i'50 o. 0 
?f\00 11,4 17, R 
?750 1?.4 - 20,4 
3\00 20,4 27.7 
1>6f>~ 27,"/ 
?35ll \!'.,4 23,4 
'll?D 0,5 7. 7 11 
5427 ll,FI- 14,9 
!4()0 O,ll 
?R?ll 2,1 
1 70fl (),{) 
9'19 1 'i. I ?0, 3 
1700 11,n - tn.~ 
1400 11.1 2l. 1 
, .2 
?4on o.o - 12,4 10 
.i9'iY o, 4 2.7 11 
?RIIfl 11,0 .,,4 
::\'>()() 0, (1 
'·' 
?900 7,0 l?. 7 
4;;>~0 lfl,"' 71\,5 11 
10 17 27 
19 ?4 .: 3n 
2b 29 .31 
30 33 3f> 
17 23 2R 
37 43 so 
35 39 40 
35 41 44 
15 29 39 
44 46 41l 
3R 42 4R 
27 34 39 
35 40 42 
36 39 45 
29 39 43 
44 4R 51 
37 40 43 
32 37 4? 
44 so "i3 
34 47 <;? 
3R 43 49 
53 Sf> li 1 
2h 31 34 
lh 2 'I 34 
33 31> 3fl 
37 40 47 
2R 3'> 4? 
34 47 '>7 
2'> 3'1 47 
34 3Q '>l 
37 4"> 49 
34 3'i '17 
n z~> 3? 
41 4t', 4Y 
I 7 ?Y 3f> 
30 30 30 
'II 04 37 
;>g 34 3'l 
2fl 33 3h 
,, 3!, 40 
4Y 'JO 'i4 
4'1 4 7 'iO 
4'i 4fl '>\ 
2? ?fl 41 
15 35 47 
5R h4 RO 
f>l >'>3 66 
59 64 66 
37 4R 56 
hi 74 77 
6A 69 70 
61 70 73 
30 51 67 
74 76 79 
67 71 17 
49 61 69 
64 77 R3 
61l 75 80 
7A R4 91 
6f\ 77 AO 
74 79 f\2 
60 75 fll 
73 flO 83 
69 fHl R5 
60 73 H 1 
1:>4 79 f\4 
45 55 70 
::\R 4f\ 6fl 
(,4 71 76 
54 h7 75 
<;7 h7 75 
nn 74 R3 
n I 1>7 76 
50 M 67 
~~ h7 77 
'i4 n 11 
1>4 74 R1 
7S 93 94 
47 5lt 64 
ll7 R7 Y) 
no h4 65 
f\5 9~ 47 
AS "2 102 
"iS h 1 69 
61 h6 70 
h3 /ll fll 
f>Q 7 7 f\ 1 
7? 77 f\1 
47 54 ns 
\10 27 A2 
10 
3 
" 
9 
lfl4 15 R4 
' 73 
74 15 56 
10 
22 12 
9 23 
58 29 24 
33 
9 
68 2(l 38 
34 10 20 
0 6 
52 13 37 
25 
" 
38 
123 ?5 90 
6 
40 11 ?H 
37 15 ? 1 
" 
12 
11 
31 
33 
" 
22 
?7 10 1 3 
23 
' " 
17 
ll 
f\5 12 66 
3 
17 
1 51 41 'IR 
31 
' " 
23 
o, 33 
0,25 
(l,75 
o.o 
o,A9 
0,18 
0,11 
0,27 
0,50 
n. 58 
0,39 
63,4 
I Fl. 5 
34,6 
o.o 
39,!\ 
47.3 
24,2 
44.6 
30,3 
81.2 
38,4 
1,21 224,0 
0,24 32.4 
0,33 19,0 
0,53 177,5 
0,50 60,3 
o.o o.o 
0, 35 1 A, 9 
n. 33 4R, 2 
0,15 22,5 
o, 2A 51.2 
o. 0 o.o 
0,33 44,A 
n. 39 4 7 ,;> 
0, 7l 79,3 
0,17 
o. 3f\ 20,4 
n.29 40,4 
37,9 
6,2 
0,10 13.1 
0,20 
o, 54 11\,2 
(}, 16 3!1,0 
0,24 57.2 
n, 'I 'I ?9. 1 
0,77 Sf\,4 
0,14 1 !\, 7 
n.n 19.5 
0,11\ 19. /) 
(},'57 49,9 
O,lf\ 
?ll,fl 
o. 1 A 
0,42 fl I. 2 
l,ll() 3A,4 
(),15 
(}, 15 l7 • R 
n. 50 71.6 
27 
UliJ~ITY 
HOPKINS 
HflPK!NS 
HIIPK!MS 
Ji\.CKS!lN 
J~SSMHNF. 
JESSAMINE 
JDH~ISON 
JOHNSON 
l ARlJE 
LIIRUF. 
LAUREL 
LAIIREL 
LAUREL 
I_AIIREL 
LESLIE 
LINCOLN 
L lNCOLN 
LINCOLN 
LINCOLN 
LINCOLJI! 
LOGAN 
LOGAN 
LOC.AN 
LOGAN 
LliC.AN 
LYON 
MC CRACKEN 
MC CRACK ~N 
MC CRACKFN 
MC CRFARY 
MC lEAN 
MC I_EAN 
MC LEAN 
MAO I SON 
MAO I SO~I 
MAlliSON 
MAO I SON 
MAD! SON 
MAGflFFJN 
MAR IDN 
MARION 
MARSHALL 
MARSHALL 
MARSHALL 
MARSHALL 
MENIFEE 
MENIFEE 
~lERCER 
PFAK 
ROAil 
PRO,IFCT PIIVF.MENT ACCfSS SKJfl MIMRFR SLIP NIJMI<FR ACCIDENTS ~'FT/ORY e1n 
~iliMRfR TYPF Wl!JTH LFNr;TH hAJlT MllF MARKfR PF~ 1"1 M!~l 11\l{i Mi\X lOIN AVC, MAX TDTAL WF.T llRY RAT![) KATF. 
US 4l_A 54-lflO R IT 22 
-US 4H 54-340 ,I fliT 1fl 
us 4111 54-340 fill lfJ 
IJS421 55- ~ r, fliT 18 
us 27 57- 4A G fliT ?.0 
liS 11R 57-lOfl fliT 22 
US400 5R- 97 H BIT lA 
lJS460 ~fl- 97 r, BIT 20 
!IS 3H 62-321 c f'IT 24 
\IS 31F 02- RIT 22 
\IS 2~ 
\IS 2? 
\IS 25 
us 2') 
US421 
us 27 
us 27 
us 27 
US127 
US150 
liS 6fl 
us 6fl 
us 68 
us 6Fl 
us 79 
US041 
us 45 
us 60 
us 62 
us 27 
IIS431 
U$431 
liS431 
US 2S 
us 2'> 
us 2~ 
us 2? 
LIS421 
liS4110 
US4h0 
us Ofl 
us 6fl 
us 62 
us 6fl 
US641 
US641 
US460 
US460 
US Of! 
f>3-111 !'IT 24 
113-111 fliT 22 
li3- 11 W HIT 24 
63-331 G 1\IT 22 
66- 52 fliT 21 
69-550 [) BlT 24 
69-550 0 fliT 24 
69-550 P.IT 24 
69-170 K fliT 20 
69- 70 fliT 1R 
71-281 U BIT 18 
71-101 \1 fliT 24 
71-101 0 BIT 22 
11-101 fll T 22 
71-221 H fliT 20 
72~ 11 M fliT 20 
73-112 X fliT 20 
73-172 n fliT lfl 
73-132 H fliT HI 
74- 73 F RIT lfl 
75-202 H HIT 22 
75-?02 RlT 22 
7S-122 M fliT 24 
76- 5lA!- r\IT 24 
711-171 J l-IlT ?2 
1h- 51AH fliT 22 
76-1'>1 ~, KIT ?0 
KIT 20 
77-\40 HIT lfl 
77- ;>O H fliT 1fl 
7fl-102 M fliT 19 
71-1- 22AA H!T 16 
79-393 C fliT 24 
79- 13 fliT 22 
79-153 G BIT 20 
79- 13 N BIT 20 
fl3- 56 H fliT 19 
f\3- 36 fliT 18 
84-132 fliT 18 
2.1 
3700 lh,6 23o0 
4. 3 
l"i,f! 
6911h loll 
12.0 3300 OoO - \2,0 
?100 0,0 
2.1 39SO 7.? 9,3 
'·' 
1450 OoR - A,3 
10.5 ?1R2 9.9 2fl,l 
3.0 3920 1o4 - 4,4 
13,0 
e.1 
'.1 
4.0 
7. 3 
e.4 
4.3 
4.3 
10o7 
5.4 
5.5 
10o1 
10.7 
2.1 
2,4 
4. 2 
o.2 
3.1 
3.0 
10,'1 
'·' 
r; 0 7 
h670 14,0 16.9 
?060 llio9 23.7 
2317 22o7 - 35.8 
3870 o.o- 8,1 
5577 B.l- 16,2 
4420 17.7- 21.7 
282'> 3,6 11,9 
2545 6ol- 15,3 
4200 o.o - flo4 
4400 11o4 - 15,9 
4400 16,0 20o3 
1400 o.o - 10,6 
l4SO 10.2 - 15,6 
4850 o.o - 5,5 
3900 o.o fl,fl 
2533 o.o 10.1 
3700 (),{) l0o7 
230h OoO 2.1 
30RB 2.0 5. 0 
329n n. n 10 0 2 
?300 (),{) 2.3 
3400 5.5 
R39Y 11,9 15. 0 
949 19,'> 27. l 
?394 n.o- 2,9 
1362 (),() - 10,4 
lfl05 0,0 
1743 10,5 - 21.9 
7.0 6521 0,0 - 7,0 
9o2 4400 0,0 - R,8 
7.3 42RR 0,0 - 7,2 
3.3 A220 9,3 - 12,5 
7.5 1775 o.o- 7.5 
10. R 13R3 9o2 20.0 
5 ·' 
1486 o.o 
ll 
10 
ll 
5 
9 
10 
4 
13 
13 
13 
10 
4 
13 
21 ?.ll 33 
2fl 3? 3'> 
2fl 3? 41 
'14 3fl 41 
?.<l 4fl 411 
41 47 49 
34 40 46 
31 4~ 49 
49 52 ll2 
37 4fl 44 
'11 31 42 
'15 37 40 
17 2fl 44 
23 ::!0 37 
40 43 47 
36 38 40 
27 35 41 
27 37 39 
31 34 37 
33 41 48 
31 3/l 3P. 
27 32 35 
2R 32 34 
33 40 44 
35 31 40 
34 37 42 
30 37 43 
lli 3'> 47 
19 ?I 22 
32 42 49 
4~ 51 55 
37 4'i ?0 
32 3~ 37 
32 39 ?4 
30 32 35 
40 4? 46 
32 36 40 
35 4h 'i6 
44 47 '>3 
2fl 3<l 44 
lfl ~4 2fl 
25 36 39 
40 43 46 
2R 34 40 
36 37 39 
29 3h 44 
23 39 49 
43 4h 4R 
4'1 55 60 
h3 lifl 71 
.,,, h5 74 
ll3 70 fl7 
66 71 81 
SA li6 71 
6fl 73 77 
115 116 72 
71 76 R3 
75 P.5 94 
65 ll9 74 
liO li7 75 
5P. I'J5 6R 
34 57 75 
46 63 73 
75 flO 84 
60 7l 76 
63 70 76 
57 71 73 
45 66 76 
5R 67 7R 
I'll h4 68 
49 55 61 
"1 56 59 
56 66 75 
64 fl7 70 
57 63 70 
62 67 72 
34 62 73 
4 7 53 59 
54 69 flO 
fll fl4 R6 
04 77 f\2 
66 7l 19 
"'" 1?. 77 
hO 115 70 
f>? 76 A2 
67 h9 71 
64 75 Rl 
09 74 79 
45 67 76 
34 50 57 
47 65 69 
63 79 87 
50 61 70 
63 Of! 72 
'i3 6R 77 
39 64 76 
6R 72 77 
01 10 42 
25 10 14 
43 ll /9 
' 39 
9 25 
41 10 25 
3A Po 21 
58 10 42 
llA 39 69 
50 
32 
42 
lO 
3 27 
7 28 
47 11 32 
23 17 
27 2l 
44 lfl 26 
9 23 
61 13 4fl 
20 
R 1 16 1>3 
103 I. 9 75 
R9 27 57 
66 ?5 35 
10 
9 
so 10 39 
41 30 
•. 5 
32 
' 30 
47 
77 ? 5 49 
90 11 77 
105 24 77 
66 16 42 
74 21 49 
17 13 
4 20 
l2 9 
0,31 
o, 71 
o.n 
0,04 
0,16 
Oo36 
0,17 
n ,40 
58,{) 
3fl,h 
74,5 
24.4 
24o4 
2o3 
36.2 
99,1 
10,7 
19.9 
77.7 
53.7 
0,24 47,2 
0,57 254.3 
0,20 
0.11 
0,25 
Oo':t3 
0.34 
0,29 
0,06 
Oo29 
Oo 69 
0,39 
0,27 
(l,25 
0,?.5 
Oo47 
o. 71 
Oo 117 
o.o 
0,13 
o. 50 
0.26 
0.27 
o. 20 
0,20 
fl,lR 
'·' 
l4o2 
48.7 
19.1 
5.2 
27.7 
A6.9 
4!1. 3 
79.3 
70.0 
54 oR 
50,6 
57.7 
3 7 0 7 
o.o 
'·' 
49.6 
43.3 
3fl, I 
42.6 
fl.51 113o9 
0,14 
0,31 
fl,38 
Oo43 
0,23 
o. 20 
0,33 
22,0 
54.1 
46.7 
70, 7 
20,6 
24.5 
31.2 
28 
PEAK 
PROJECT PAVEMENT ACCESS SKID NUMBER SLIP NUMBER ACCIDENTS WET/DRY WET 
COUNTY ROAD NUMBER TYPE WIDTH LENGTH AAOT MILE MARKER PER MI MIN A'VG MAX MIN AVG MAX TOTAL WET DRY RATIO RATE 
MERCER f\4- 32 M HIT 20 12.1 ?371 fl, 0 1 9,A 30 3A 41 1>1 f, 7 74 62 24 36 0,6
7 7R,O 
METCALF liS Ml f\5- fl4 H fliT lfl 1400 o.o 12 34 3h ;)f\ 72 74 75 13 10 11,10 l4,A 
METCALF us nR f\5- 4 H fliT lfl 11.2 1151 R,4 34 3<,) 45 6!1 71 77 
" ' n 
0,36 2fl.3 
MONTGOMERY us no H7- 37 f' fliT 20 3.3 720 A,R 12.2 'lA 4n '>0 4R 7 ;> fl2 
lJS4no RA-13fl P fliT 1R 15. h 1413 n.o 15. h 
" 
39 ~() <;4 70 flO f\7 53 o. J 9 33,1 
MORGAN IJS4nO AR- 7fl H HIT 1R 1790 tY.o 2Y.~ 37 4 7 '}fl 71 77 fl4 35 0,1 7 ?4.A 
Ml!HLFNHERG IJS n2 RY-11>3 H HIT 20 
'· 2 1211!1 0, 0 '· 2 31
 37 41 '>7 h4 6fl 17 0, 50 90,6 
MUHI.ENHFRG R9-ln3 G HIT If\ 297h 4,3 - 9,0 
" 
22 2'> 34 3n 50 % 43 12 7R 0,43 76,7 
MliHLENfiEKG tiS 1>'/ fliT 22 '>2fl'i 12.7- ln.s '13 3h 3Y ns 1>6 6'1 ; 1 0,)7 31, fl 
MlJHLf'NfiF.Rr, liS nt flY- 3 Y HIT ZO 6,0 74,0 24 3 I "'!A 42 54 66 
" 
0,10 ?0.3 
MlJHLENHERG IJS43l f\9-243 HIT 2(' 2.2 3h01 19,4 2 J. h 23 32 39 32 57 72 13 0. 15 ;>3,1 
MUHLENHERI; IJS431 HY-21:>3 C fliT 22 ; ·' ?OI>':i 22.3 
27.1 27 3'> 41 45 n7 70 
'" 
0,29 3?.,1\ 
HIT 2? lAOO \,)"- 9,11 n 49 'l4 'hO 71 R l ~~ 
1\JELSON tiS 31F YO- 5 ,J HIT 24 4f>Y9 15.1 - l<;l,9 1l 39 4? 4S 74 7 R f\4 75 2(1 51 n, 3<,l 79,3 
~IFLSON liS 3lf YO- 5 K HIT 211 h4 "(0 7fl 69 12 50 0,24 48,4 
NELSON us n;> YO- h~ K HIT 22 no A6 74 16 0,13 If!,? 
NFL SON' YO-lOS H 1 T 1H 7,0 1401 l7,g - 24,S 1Y ':i'l hl hh 7R f\5 1l 0,13 
Nfi_SON us 1>2 YO- n5 N HIT 20 10 0,19 I 9, 2 
llHifl liS h? YZ-144 ~~ HIT Ill ;;>':i 34 40 4R no 67 30 
" 
0,32 44.3 
llHI!l '-12- h4 1J PCC ~0 JROO 12,4- 20,11 40 47 ">3 70 74 7fl 0,07 12.5 
llHifl liS 62 'J2- h4 ll PCC ;>o 1 '100 21',1 lO 4? 4 7 ~n hh 13 76 " 
12 11.17 "16.0 
llHifl tJS23l '12- H4 HIT 1 f\ 2HRO ?.1 - h,h 13 2h 33 39 5? h3 6~
 6 ?fl 0,21 41.4 
flHifl 11523! Y2- f\4 .J PCC 21l 2.2 11400 l[1,R 13.0 19 31 41 ">4 no 71 0,21 
19, A 
r1HII1 115~31 92- 4 P HIT ?4 )O,<,l 37RK 14 •. 3 30 4] 4<;l fd 1>9 76 5<,) 13 
43 0,30 
lli_OHIIM liS 47 93-lYh H HIT 20 1"> ,4 'll 'i~ h3 A4 fiR 92 
0,71 
PfNili_FHIN liS ?_7 Y6-lS7 S HIT 22 7.3 ?'l'J(l o.o 7.3 42 44 47 " 
3 lh 0,19 1 o.n 
f.'FNilLFTII~I us '/7 Yh- 17 T kiT 22 2. 7 II, y 43 4':i 47 7R RO R2 10 O
,f\0 39,fl 
f.'~NflLFTilN Yh-237 M ~IT 72 ?MJO 17,0 17.2 R5 R6 R
f\ 13 n, 3fl 33, fl 
f'ENilLFTilN liS 2"1 Yn-237 L fill ~? ?11(](1 17.3 l'J.~ 4'1 44 41> 0,11 
1'111_1\SK I liS f'7 lt•0-13<; k PCC 24 ?700 0.0- 6,9 72 Rfl 99 
31 12 1!1 o.n7 
f'!ILASK 1 li.> 27 100-20"> C HIT ?4 4ROO 21,0- 11,0 3"i 31> 37 72 11
 ?'1 0,19 21 .} 
RilRFRTSriM liS n? 101- 41 t~ KIT 1fl n.o 700 4.1 10.3 '1'1 'il n\ 74 79 fiR " 
o. o n. o 
~riCKCASTI_F liS 2'> 102-177 r; HIT 22 24 3'> 4\ 49 hh 75 75 
15 0,47 173,0 
~IICKCIISTLF liS ('<:; \0?- '>7Ak kiT 77. 1740 7.~ - 11.6 20 33 39 so n5 76 S7 1R 
35 0,51 24R,6 
RIICKCASTLF liS 2'> 10?- 11 .t HIT 22 '· 2 20,7 lO 
3A 43 S? J 2 0,4? 49,4 
RllCKCASTI_F IJS 2"> 102- 17 H kiT 74 1400 20,R- 27,2 32 3fl 45 nR 75 f\7 17 15 n
.n 
R(lCKCASTtF 1151'\0 IOZ-117 R!T 20 171>~ o.o- ~.1 lO 31 3h 43 h1 h7 71 17 fl,67 )00,1 
RflCKCASTLF 11\\SO \02-117 P HIT 20 3\ 3S 39 
?1 0,3H 75,Y 
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APPENDIX B 
PLOTS OF WET"I'AVEMENT ACCIDENT RATE VERSUS 
SKID NUMilER 
31 
Figure Bl. Average Wet-Pavement Accident Rate of 230 Test Sections - Grouped 
by Skid Number - Versus Skid Number, without Volume Stratification_ 
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Figure B2. Average Wet-Pavement Accident Rate of 110 Test Sections - Grouped 
by Skid Number -- Versus Skid Number, with Volume Stratification at 
AADT below 2701. 
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APPENDIX C 
TAilLES OF ACCIDENT RATES AND RATIOS AND OTHER 
DATA FOR TEST SECTIONS - GROUPED llY SKID 
NUMilER, PEAK SUI' NUMBER, I'AVEMENl' WIDTH, 
AND ACCESS POINTS PER MILE (1.6 KILOMETERS) 
38 
ACCIDENT RATES AND RATIOS AND OTHER DATA FOR TEST SECTIONS GROUPED BY 
PAVEMENT WIDTH 
PAVEMENT WIDTH GROUP 
18-19 20-21 22-22 24-24 18-21 22-24 18-24 
Number of Test Sections 68 60 68 33 128 101 229 
Skid Number 37.4 39.8 40.6 39.8 38.5 40.3 39.3 
Peak Slip Number 67.3 70.3 71.3 71.7 68.7 71.4 69.9 
Annual Average Daily Traffic (AADT) 2384. 2699. 3432. 3880. 2532. 3579. 2993. 
Access Points Per Mile (1.6 Kilometers) 9.5 8.4 8.1 8.5 9.0 8.2 8.6 
Section Length 8.0 6.1 5.2 5,5 7.1 5.3 6.3 
Pavement Width 18.2 20.1 22.0 24.0 19.1 22.7 20.7 
Wet-Pavement Accident Rate* 43.0 44,8 43,9 31.7 43.9 39.9 42.1 
Ratio o£ Wet- to Dry-Pavement Accidents 0.32 0.34 0.29 0,34 0.33 0.31 0.32 
for All Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.28 0.26 0,23 0.32 0.27 0.26 0.26 
for Level, Tangent Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.26 0.42 0.37 0.33 0.33 0.36 0.34 
for Tangent Sections on Grade 
Ratio of Wet· to Dry-Pavement Accidents 0.25 0,29 0.26 0.35 0.27 0.29 0.28 
for All Tangent Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.48 0.37 0.31 0.48 0.42 0.36 0.40 
for Level, Curved Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.75 0.44 0.51 0.29 0.60 0.44 0.53 
for Curved Sections on Grade 
Ratio of Wet- to Dry-Pavement Accidents 0.69 0.51 0.48 0.45 0,61 0.47 0.55 
for All Curved Sectio11s 
Ratio of Dry- to Dry-Pavement Accidents 0.37 0.33 0.27 0,16 0.35 0.23 0.30 
(Level, C\lrved Sections/Level, Tang ..... t Sections) 
Ratio of DrY· to Dry-Pavement Accidents 1.18 1.16 0.76 0.35 1.17 0.62 0.93 
(Curved Sections on Grade/Tangent Sections on Grade) 
Ratio of Dry- to Dry-Pavement Accidents 0.58 0.50 0.40 0.21 0,54 0.34 0.45 
(All Curved Sections/All Tangent Sections) 
Ratio of Wet- to Wet-Pavement Accidents 0.47 0.59 0.42 0.31 0.53 0.38 0.46 
(Level, Curved Sections/Level Tangent Sections) 
Ratio of Wet- to Wet-Pavement Accidents 1.45 0.95 0,76 0.27 1.22 0.60 0,94 
(Curved ~ections on Grade/Tangent Sections on Grade) 
Ratio of Wet· to Wet-Pavement Accidents I.Ol 0.84 0.79 0.39 0.93 0.66 0.81 
(All C11rved Sections/A!! Tangent Sections) 
*Accidents per 100 million vehicle miles 
(161 million vehicle kilometers) 
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ACCIDENT RATES AND RATIOS AND OTHER DATA FOR TEST SECTIONS GROUPED BY ACCESS 
POINTS PER MILE (1.6 KILOMETERS) 
ACCESS POINTS PER MILE GROUP 
2-6 7-9 10-12 13-18 2-9 l0-18 2-18 
Number of Test Sections 57 91 56 25 !48 81 229 
Skid N11mber 39.8 39.9 37.9 38.5 39.9 38.0 39.2 
Puk Slip Number 70.5 70.3 68,8 67.8 70.4 68.5 69.7 
Annual Average Daily Traffic (AADT) 3029. 2791. 299L 3507. 2883. 3150. 2977. 
Access Points Per Mile (1 .6 Kilometers) 5.0 7.9 10.6 14.4 6.8 11.8 8.6 
Section Length 5.9 6.7 6.5 5.7 6.4 63 6A 
Pavement Width 21.3 20.4 20.4 20.5 20.8 20.4 20.6 
Wet-Pavement Accident Rate* 34.6 44.7 44.8 46.8 40.8 45.4 42.5 
Ratio of Wet- to Dry-Pavement Accidents 0.28 0.34 0.35 0.~8 0.32 0,33 0.32 
for All Section~ 
Ratio of Wet- to Dry-Pavement Accidents 0.22 0.31 0.25 0.26 0.27 0.25 0.27 
for Level, Tangent -Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.31 0.39 0.33 0.29 0.36 0.32 0.34 
for Tangent Sections on Grade 
Ratio of Wet- to Dry-Pavement Accidents 0.23 0.29 0.31 0.27 0.27 0.30 0.28 
for All Tangent Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.39 0.46 0.35 0.28 0.43 0.33 0.40 
for Level, Curved Sections 
Ratio of Wet- to Dry-Pavement Accidents 0.43 0.59 0.62 0.37 0.53 0.54 0.53 
for Curved Sections on Grade 
Ratio of Wet- to Dry-Pavement Accidents 0.44 0.59 0.68 0.33 0.53 0.57 0.55 
for All Curved Sections 
Ratio of Dry· to Dry-Pavement Accidents 0.25 0.30 0.34 0.31 0.28 0.33 0.30 {Level, Curved Sections/Level, Tangent Sections) 
Ratio of Ory- to Dry-Pavement Accidents 0.79 1.00 0.90 LOS 0.92 0.95 0.93 (Curved Sections on Grade/Tangent Sections on Grade) 
Ratio of Dry- to Dry-Pavement Accidents 0.37 0.47 0.54 0.39 0.43 0.49 0.45 (All Curved Sections/All Tangent Sections) 
Ratio of Wet- to Wet-Pavement Accidents 0.44 0.53 0.41 0.35 0.50 0.39 0.46 (Level, Curved Sections/Level 'Tangent Sections) 
Ratio of Wet- to Wet-Pavement Accidents 0.79 1.08 1.07 0.57 0.97 0.91 0.95 (Curved Sections on Grade/Tangent Sections on Grade) 
Ratio of Wet- to Wet-Pavement Accidents 0.88 0.79 0.86 0.60 0.83 0.78 0.81 (All Curved Sections/All Tangent Sections) 
"'Accidents per I 00 million vehicle miles 
(161 million vehicle kilometers) 
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Access Pmnt• Por MUc (1.6 Kilometers) 
Soction Length 
Pavement Width 
Wet-Pavement Accident Rite• 
Ratio of Wet- ro Dry,f'avement Acoidems 
for All S.otlom 
Ro!lo of Wet- lo Dry-Pavement Aodclento 
for Level, Tongent Sectiom 
Ratio of Wet- to Dry-Povemcnt Accidents 
for Tang~nl ~clions on Gr.lde 
Ratio of W~l- to Dry-Pavement Accidents 
for All Tangent Secli<;>M 
Ratio of Wet· to Dry-l'ovement Accidents 
for Level, Curved Sections 
Ratio of Wet- to Dry-Pavement Accidonts 
for Curved Sections on Grade 
Ratio of Wet- to Dry-Pavement Accidents 
for All Curved Sections 
Ratio of Dry- to Dr)fl'avemenL Accidents 
(Level, Curved Sections/Level, Tangent Sections) 
Ratio of Dry- to Dry-P~vement Accldentl 
(Curved Sections on Grode/Tangen\ Sections on Grad~) 
Ratio of Dry· to Dry-Pavement A>cidents 
(All Curv1d S.~!lons/A!I Tangent Sections) 
Ratio of Wet· to Wet-Pavement Aooiden\1 
(l<lvel, Curved Sections/Level Tangent Soctions) 
Ratio of Wet· to W~t.Pavement Accidents 
(Cur.cd Soctlons on Grode/Tan]enl Sections on G•ade) 
Ratio of Wet· to Wet-Pavement Accidents 
(All Curved Sections/All Tangent Sections) 
•Accidents per 100 million vehiclo miles 
(161 million vehicle kilometo") 
17-29 
25.1 
5),3 
3030. 
'·' 
20.0 
64.1 
0.50 
0.34 
0.54 
0.35 
1.25 
0,25 
0.84 
0.42 
1.08 
).54 
1.27 
30-33 34-36 
31.9 35.1 
""' 
66.3 
3406. 2914. 
"' '·' 
'·' 
20.2 20.5 
5!.2 56.2 
0.37 
0.32 0.37 
0.32 
0.28 0.46 
0.41 0.40 
0,56 0.67 
0.58 0.64 
o.n 0.21 
0.52 0.62 
0.37 0.35 
0.46 0.24 
0.91 0.74 
0,85 0.55 
37-38 
37.3 39.5 
67.4 70.0 
4114. 2956. 
(>.3 
21.0 20.8 
40.9 46,9 
0.31 0.28 
0.22 0.20 
0.42 0.34 
0,27 0.22 
0.56 0.47 
0.41 0.56 
051 0.63 
0.24 Q.l9 
1.61 1.29 
0.46 0.43 
0,43 0.52 
1.52 1.19 
O.B7 1.07 
SKID NUMBER GROUP 
4J.43 44-46 47-50 51-58 17-41 42-58 17-58 
'" '" 
42.1 45.0 48.1 53.8 34.7 47.1 39.3 
74.0 79.3 84.4 64.6 78.7 69.8 
3105. 2772. 2351. 1825. 3280. 2490. 2988. 
'·' "' '·" "·" "·' '·' 
... ... 
'·' 
,, 
••• '·' 
21.0 20.9 20.3 20.9 20.6 20.8 20.6 
35.2 27.9 28.3 21.9 50,0 29.5 42.4 
0.26 0.26 0.25 0,18 0.37 0.24 0.32 
0.25 0.19 0.27 0.23 0.29 0.23 0.27 
0.28 0.46 0.10 0.07 0.39 0.34 
D.26 0.24 0.22 0.15 0.31 0.22 
0.18 0.20 0.32 OM 0.46 0.29 0.40 
0.37 0.39 0.34 0.!5 0.65 0.32 0.53 
0.32 0.31 0.43 0.22 0.68 0.32 0.55 
0.22 0.43 0.40 0.60 0.23 0.41 0.30 
0,60 0.74 1.20 1.07 0.92 0.94 0.93 
0.39 0.63 0.59 0,39 O.S6 0.4S 
0.22 0.18 0.57 0.69 0.50 0.41 0.46 
0.54 0.49 Ll7 o.so 1.09 0.71 0.95 
0.38 0.52 0,96 l.OI 0,86 0.72 0.81 
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